In the Japanese population, the electrocardiographic (ECG) Cornell voltage and product predict cardiovascular events at lower values (Cornell voltage of 2.04 mV in males and 1.71 mV in females, and Cornell product of 158.7 mV × msec) than in the guidelines (2.8 mV, 2.0 mV, and 244 mV × msec, respectively). We evaluated the ECG criteria for left ventricular hypertrophy (LVH) corresponding to echocardiographic LVH (Echo-LVH) in Japanese patients.
S ubjects with left ventricular hypertrophy (LVH) have an increased risk of cardiovascular events and stroke. [1] [2] [3] The 2014 Japanese Society of Hypertension (JSH) guidelines recommend evaluation of the Sokolow-Lyon voltage, Cornell voltage, and Cornell product. 4) In our previous study performed in a general Japanese population, 3) subjects with these ECG criteria for LVH (ECG-LVH) had an increased risk of cardiovascular events and stroke, but the values of the Cornell voltage, Cornell product, and Sokolow-Lyon voltage at which cardiovascular events increased were below the cutoff levels in western populations 1, 5, 6) and in the 2014 JSH guidelines. 4) A cohort study performed in Singapore also suggested that Asian populations might have different ECG-LVH cutoff levels for detecting anatomical LVH, 7) and the ECG-LVH was associated with an increased risk of cardiovascular events. 8) In the present study, we evaluated whether gender adjustment of the Cornell product was appropriate in hy-pertensive Japanese patients, and also determined the level of ECG-LVH corresponding to anatomical (echocardiographic) LVH.
Methods

Subjects:
We reviewed echocardiography data obtained when screening consecutive hypertensive outpatients for target organ damage at Sano Kosei General Hospital between January 2010 and June 2014. There were 345 sets of echocardiographic and ECG data, including annual follow-up data. The exclusion criteria were as follows: (1) significant arrhythmia, (2) complete left or right bundle branch block, (3) were unable to obtain or unclear echocardiographic images, (4) a history of ischemic heart disease, and (5) asynergy of left ventricular wall motion. ECG measurement and interpretation: The ECG was recorded using an automated 12-lead ECG monitor (Fukuda Denshi, Inc., Tokyo, Japan). This monitor auto-Ishikawa, ET AL 4) showed high sensitivity, but very low specificity.
Relationship of the Sokolow-Lyon voltage to LVMI in males and females:
Scatter plots of the relation between the Sokolow-Lyon voltage and LVMI are shown in Figure  1C 
Discussion
The present study showed that the Cornell voltage and product values in the current 2014 JSH guidelines (a Cornell voltage of 2.8 mV in males and 2.0 mV in females or a Cornell product of 244 mV × msec) 4) have a high specificity for detecting Echo-LVH in hypertensive Japanese patients, but have a very low sensitivity. The ECG-LVH values corresponding to Echo-LVH (anatomical LVH) in the present study were a Cornell voltage of 2.6 and 1.6 mV (i.e., an LVMI of 116 g/m 2 for males and 96 g/m 2 for females, respectively), which were lower than the values in the guidelines and closer to those reported to in-Ishikawa, ET AL dicate an increased risk of cardiovascular events and stroke (i.e., a Cornell voltage of 2.04 mV in males and 1.71 mV in females or a Cornell product of 158.7 mV × msec). 3) Gender adjustment of the Cornell product (by adding 0.6 mV to the Cornell voltage in females) improved detection of Echo-LVH in our study population of hypertensive Japanese patients. Our findings suggested that the cutoff values for ECG-LVH should be lower than those in the current Japanese guidelines.
A previous meta-analysis has shown that ECG-LVH is a poor predictor of Echo-LVH (sensitivity of 10.5-21% and specificity of 89-99%), 11) and similar results were obtained in a study that evaluated LVH using cardiac MRI. 12) The results of this study performed in Japan supported these reports from western countries. On the other hand, racial differences of Cornell values were reported between white and African American populations, 13) or between white and Singaporean populations. 7) Additionally, the Cornell voltages detecting Echo-LVH in Korean patients (2.0 mV in males and 1.6 mV in females) 14) were similar to those indicating cardiovascular risk in the general Japanese population. To our knowledge, this was the first study, in a Japanese population, that showed the levels of Cornell voltages and product to estimated anatomical LVH. It was reported that ECG-LVH predicts future cardiovascular events without predicting Echo-LVH (anatomical LVH), 15) suggesting that these two types of LVH might be slightly different risk markers. Because LVH involves both enlargement of cardiomyocytes and interstitial fibrosis, electronic and anatomical hypertrophy would not necessarily be identical. Therefore, it might be better to set cutoff values for ECG-LVH so as to detect cardiovascular risk, rather than set values corresponding to anatomical LVH. Limitations: This study was performed at a single center and most of the echocardiography studies were performed by the first author. Accordingly, the results should be confirmed by a multicenter study using cardiac CT or MRI. Additionally, LVMI could be affected by age, gender, body mass index, systolic blood pressure, antihypertensive drug use, and alcohol intake. 16) 
Conclusion
The sensitivity of the Cornell voltage and Cornell product values recommended by the 2014 JSH guidelines was very low in hypertensive Japanese patients. Thus, these ECG-LVH criteria did not correspond to Echo-LVH. In addition, Cornell voltage and product values indicating cardiovascular risk were lower than those in the JSH guidelines or those reported in western populations, sug-gesting that lower Cornell cutoff values for ECG-LVH may be more appropriate in Japanese patients.
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